We analyse dispersion measure (DM) variations in six years of radio observations of more than 160 young pulsars, all gamma ray candidates for the Fermi gamma ray telescope mostly located close to the Galactic plane. DMs were fit across 256 MHz of bandwidth for observations centred at 1.4 GHz and across three frequencies -0.7 GHz, 1.4 GHz, and 3.1 GHz -where multifrequency observations were available. Changes in dispersion measure, dDM/dt, were calculated using a weighted linear fit across all epochs of available DMs. DM variations were detected at a 3σ level in 11 pulsars, four of which were above 5σ: PSRs J0835−4510, J0908−4913, J1824−1945, and J1833−0827. We find that after 28 years of gradual decline, the DM of PSR J0835−4510 is now increasing. The magnitude of variations in three of the four (PSRs J0835−4510, J0908−4913, and J1833−0827) are above what models would predict for an ISM dominated by Kolmogorov turbulence. We attribute this excess as likely due to the pulsar's local environment -the supernova remnants near PSRs J0835−4510 and J1833−0827 and the pulsar wind nebula around PSR J0908−4913. Upper limits were determined for all pulsars without detectable values of dDM/dt, most limits were found to lie above the levels of variations predicted by ISM theory. We find our results to be consistent with scattering estimates from the NE2001 model along these lines of sight.
INTRODUCTION
The emission from pulsars experiences a time delay as it passes through the interstellar medium (ISM) due to the dispersive effects of its plasma component. The group delay of this signal tg(ν) depends on the observation frequency and the electron density along the line of sight as
where K is the dispersion constant with a value K ≡ 2.410 × 10 −4 MHz −2 cm −3 pc s −1 , ν is the observing frequency in GHz, ne is electron density and L is the distance of the pulsar from the observer. The expression in brackets is refered to as the dispersion measure (DM) and describes the amount of ionised interstellar material between the observer and the pulsar (Lorimer & Kramer 2004) .
Dispersive effects are proportional to ν −2 and can be Email: epetroff@astro.swin.edu.au determined experimentally by measuring delays in pulse arrival times for a pulsar across the bandwidth of an observation at a single frequency or fitting over a range of frequencies (Keith et al. (2013) and references therein). When a pulsar is first discovered, the spin period and DM are directly obtained as part of the search process. In most cases, a pulsar's DM is treated as a constant but several long-term studies of DM have revealed temporal variations on timescales of months to years (Hamilton et al. 1985; Phillips & Wolszczan 1991; You et al. 2007; Keith et al. 2013) .
Variations in dispersion have been used to study turbulent structure in the free electron density of the ISM. The spectral energy density scale of interstellar turbulence is thought to show power law statistics for interstellar material between large (10 18 m) and small (10 6 m) spatial scales such that
represents the power spectrum of the electron density P3N with a spectral index β and a structure coefficient C It is estimated in Armstrong et al. (1995) that this spectrum is consistent with a Kolmogorov power law described by β = 11/3. However, inhomogeneities in the form of highly anisotropic filaments are believed to exist in the ISM (Brisken et al. 2010 ) and may be responsible for so-called extreme scattering events (Fiedler et al. 1987; Romani et al. 1987) .
Turbulent interstellar material is probed on various scales by different types of observations, from rotation measure variations at the largest scales to weak diffractive interstellar scattering at the smallest. Fluctuations in pulsar DMs provide the capability to probe the ISM in the middle of this spatial range between 10 11 and 10 12 m, where other techniques are incapable of detecting variations. Thus, DM variation measurements bridge a crucial gap in the ISM turbulence spectrum.
Significant DM variations have previously been observed in studies of different classes of objects. Varying DM along the line of sight to the Vela pulsar was first noted in Hamilton et al. (1985) ; DM was observed to decrease over the length of their study. They attributed these changes to a dense, magnetised filament within the Vela supernova remnant (SNR) passing out of the line of sight over the 15 years of data (Hamilton et al. 1985) . Similarly, DM to the Crab pulsar has been observed to increase by 0.02 cm −3 pc yr
over 68 epochs between 1982 and 1988, attributed to variations within the turbulent environment of the local Crab SNR (Lyne et al. 1988) . A study of seven pulsars over two years in Phillips & Wolszczan (1991) detected variations caused by interstellar turbulence with a spectral index of β = 11/3, and DM variations have also been observed in high-precision observations of millisecond pulsars (e.g. You et al. 2007 ). These variations are generally consistent with levels of turbulence in the ionised ISM, though there is growing evidence that the exponent of the power-law noise process is steeper than expected from Kolmogorov turbulence for some lines of sight (Keith et al. 2013 ). Changes in DM over time provide a direct method of probing turbulence in the interstellar medium (Rickett 1977) . These changes relate to the DM structure function DDM as
where |dDM/dt| is the absolute rate of change of the DM over time in cm −3 pc yr −1 and τ is the span of the observations in years (Backer et al. 1993) . The structure function, in turn, is related to the diffractive timescale, τ d , of the pulsar by You et al. (2007) 
K has the same value as in Equation 1, τ (s) is the time span of the observations in seconds, and α = β − 2, where β = 11/3 is taken to be the power-law exponent of a Kolmogorov spectrum (Armstrong et al. 1995) . Here τ d is the diffractive timescale in seconds at the observing frequency ν.
In this paper we examine the DMs of more than 160 young, highly energtic pulsars monitored regularly over six years at the Parkes radio telescope as part of a radio counterpart study to one conducted with the Fermi gamma ray telescope (Smith et al. 2008) . The pulsars in our sample are distributed at a range of distances within the Galactic plane with DMs between 2 cm −3 pc and almost 1000 cm
pc. The majority are at low Galactic latitudes and probe a diverse range of sight lines through the Galactic ISM. Our sample is additionally promising for DM variation studies as young pulsars are also more likely to be associated with supernova remnants remaining from their birth, providing the possibility of yet more ionised, turbulent local structure. Many previous studies mentioned here focus on millisecond pulsars, most with DM < 100 cm −3 pc. Canonical pulsars are detected up to much higher DMs and provide a complementary sample to the MSPs, allowing us to study turbulence over larger lines of sight.
In Section 2 we describe our observations; in Section 3 we describe our data analysis procedures and our statistic for measuring DM variations in our pulsars. In Section 4 we outline our findings, with special attention paid to four pulsars of interest: PSRs J0835−4510, J0908−4913, J1824−1945, and J1833−0827, and we set upper limits for all others in Section 5; we conclude in Section 6.
OBSERVATIONS
Since early 2007, regular observations of a large sample of pulsars have been carried out with the 64-metre Parkes radio telescope in support of the Fermi gamma-ray mission. A total of 156 pulsars were drawn from the list of highly energetic pulsars in Smith et al. (2008) supplemented by a small number of other interesting southern sources. The initial description of the observational setup and early timing results from the Parkes dataset are described in Weltevrede et al. (2010) .
For this paper we used data taken using the Parkes telescope between February 2007 and October 2012. Observations were carried out on an approximately monthly basis with all 168 pulsars observed over a 24 hour period at a centre frequency near 1.4 GHz. At 6 month intervals, additional observations were obtained simultaneously at 3.1 and 0.7 GHz on the following day. During a single observation each pulsar was observed long enough to obtain a signal to noise ratio greater than 5, typically only a few minutes.
Observations at 1.4 GHz with 256 MHz of bandwidth were taken using the centre beam of the Parkes multibeam receiver (Staveley-Smith et al. 1996) . Observations at 3.1 and 0.7 GHz were done simultaneously using the 10/50 cm receiver installed at Parkes (Granet et al. 2005 ) and had 1024 MHz and 64 MHz of bandwidth, respectively (Weltevrede et al. 2010) .
The voltage signals from the orthogonal, linearlypolarised receptors were digitised and converted to a filterbank consisting of 1024 frequency channels then folded using 1024 phase bins across the pulse period of the pulsar. Incoming data were folded at the period of the pulsar in 30-second sub-integrations and then written to disk. Regular calibration was performed by sending an artificial calibration signal into the feed at a 45
• angle from both linear probes to determine both their relative gain and the phase offset. The final calibrated data were saved to disk and used to create an average pulse profile over the full span of the observation.
ANALYSIS
Initial data reduction was performed after each observation using the psrchive data analysis package (Hotan et al. 2004 ). An integrated pulse profile for each pulsar observation was produced after excising time and frequency channels with significant radio frequency interference. The remaining channels were calibrated to produce a final pulse profile at each observing frequency which was compared with a standard profile for the pulsar, created by summing profiles from all previous observations (Weltevrede & Johnston 2008) .
The time of arrival (TOA) for the integrated profile was converted to the solar system barycentre using the DE405 model (Standish 1998 ) and compared with that of the timing model prediction using the tempo2 software package (Hobbs et al. 2006 ). The time difference between the observed TOA and the timing model gave a residual for each observation. Once several epochs of residuals were available, it became possible to remove common parameters such as effects from the pulsar spin frequency ν and spin frequency derivativeν through fits within tempo2. These fits removed linear and quadratic terms from the residuals, respectively. At this stage it was possible to fit for the DM contribution in the refined residuals.
Previous studies of DM from pulsar timing residuals have identified problems of obtaining reliable values and accurately correcting for DM effects in the timing solution. You et al. (2007) performed a linear fit by directly comparing the arrival times at two different frequencies. Since all epochs in their sample consisted of observations at 3 distinct centre frequencies they determined the best two with which to perform calculations on a case-by-case basis. This method was updated in Keith et al. (2013) by using all three observing frequencies simultaneously to determine the DM for each epoch. Keith et al. also incorporated a smoothing function into the tempo2 fitting algorithm that was previously applied after fitting.
We created two DM datasets using the algorithm described in Keith et al. (2013) . Each pulsar has been observed at approximately 80 epochs at 1.4 GHz but at only 10 epochs at 0.7 and 3.1 GHz. Thus two separate time series were created, one for DM measured across the 20 cm band only, and one measured across all three frequencies, where available. In some cases the number of useful multifrequency DM measurements is smaller than the number of epochs at which observations were taken because scattering effects preclude detection at 0.7 GHz.
To calculate DM variations over the span of the dataset, we performed a weighted least-squares fit to measure the slope in DM over time. The result of this fitting procedure was a best-fit slope, dDM/dt, taken to be the variation in DM. Separate fits were done for 20 cm and multifrequency DM measurements resulting in two separate dDM/dt values for each pulsar. Multifrequency fits of dDM/dt for pulsars with only one or two usable multifrequency epochs were not considered as the linear fit had no associated error.
We note that the weighted linear fit is not a perfect tool for the study of small-scale variations, and we may expect Table 1 . Pulsars with DM variations over 6 years above 3σ levels. Pulsars with detections above 5σ levels are listed in bold. Slopes for the multifrequency (mf) and 20 cm observations with errors in the last digit are in units of cm −3 pc yr −1 . variations on timescales shorter than the many-year span of our dataset that do not fit this trend. Overarching linear changes in DM would be expected to arise in cases where a single large structure moves across the line of sight over the span of observations. Additionally, the steep power law of Equation 2 implies that the most power will be at the largest timescale, thus the largest DM variations. A linear fit may also encompass spatial density gradients but provides a good first order detection statistic.
RESULTS -DETECTIONS
DM variations were detected in eleven pulsars from our sample over the 6 years of observation. All are embedded in the Galactic plane with dispersion measures ranging from 67.9 to 599 cm −3 pc. Only four pulsars in our sample, PSRs J0835−4510, J0908−4913, J1824−1945, and J1833−0827, had variations deemed highly significant. These pulsars wer identified based on the fact that they all had values of dDM/dt with agreement in sign between 20 cm and multifrequency fits with an error in each fit ≤ 35%. Variations were labeled as highly significant detections if errors were ≤ 20% in both fits. Fits for all other pulsars in our sample failed to meet one or more of these criteria and the weighted linear fit was used to produce an upper limit on detectable variations.
Marginal detections, pulsars with detections between 3σ and 5σ, are largely consistent with variations predicted from an ISM dominated by Kolmogorov turbulence. Table 1 lists the pulsars with significant measurements of DM variations.Highly significant pulsars will be discussed individually below.
PSR J0835−4510
PSR J0835−4510 (B0833−45), located in the Vela supernova remnant, lies within the Gum Nebula (Large et al. 1968) . It is one of the brightest pulsars in the sky, with a flux at 1400 MHz of 1100 mJy (Backer & Fisher 1974) and characteristic age τc of 11 kyr. It is located at a distance from the sun of approximately 300 pc (Dodson et al. 2003) at Galactic longitude and latitude ( , b) = (263.5
• , −2.79 • ). The pulsar has a very large DM for its distance and using (Cordes 1986 ), its value is the highest measured of any pulsar .
The scintillation velocity at high observing frequencies has been measured by Johnston et al. (1998) . Corresponding to a value of τ d ∼10 s at 1.4 GHz. We therefore expect DM variations of order 0.01 cm −3 pc yr −1 based on Equation 3. Previous studies of changing DM along the line of sight to Vela (Hamilton et al. 1985) showed DM to be decreasing over 5 epochs between the years 1970 and 1985 at a rate of 0.040 cm −3 pc yr −1 , a factor of 4 greater than expected from turbulence. Hamilton et al. (1985) interpreted their measured decrease in DM as the movement of a magnetised filament out of the line of sight within the SNR, meaning that changes in DM were due to the local environment of the pulsar rather than the turbulence in the greater ISM.
As shown in Figure 1 , single frequency DM measurements over the entire six years of our dataset show DM increasing at a rate of 0.0081(9) cm −3 pc yr −1 . Similarly, dDM/dt = 0.005(1) cm −3 pc yr −1 using multifrequency fits. These variations are significantly smaller than those measured by Hamilton et al. (1985) but are more or less consistent with expected values given the measured scintillation parameters.
The dramatic change in dDM/dt is highlighted in Figure 2 where we show the Hamilton et al. data over plotted with data from this study and analogue filterbank system archives at Parkes. In order to reduce the noise due to measurement uncertainty we plot weighted averages in 100-day bins. We caution that there may be a systematic offset between the DMs derived in the Hamilton et al. data and those derived from our work due to known intrinsic frequency evolution of the Vela profile (Keith et al. 2011) . We interpret the dramatic change in dDM/dt to be evidence that the filament responsible for change seen by Hamilton et al. moved completely out of our line of sight some time near MJD 50000. We believe that the currently observable DM variations can be explained solely by the turbulent ISM.
Although the overall trend in dDM/dt in the recent data is positive, variations are visible on shorter timescales within the span of our observations, most notably where DM appears to decrease between MJD 54600 and 55200. This is consistent with turbulence in the ISM. Contributions from the surrounding Gum Nebula are most likely minimal, however, as there are no detectable variations in other pulsars from the Gum in our sample -PSRs J0738−4042, J0742−2822, J0745−5351, and J0905−5127.
PSR J0908−4913
The pulsar PSR J0908−4913 (B0906−49) has a spin period of 106 ms, and a DM derived distance of 6.7 kpc placing it well within the Galactic plane, at ( , b) = (270.27
• , −1.02 et al. 1988) . Gaensler et al. (1998) discovered a bow-shock in the immediate surroundings of the pulsar suggesting that it is travelling through the turbulent medium of an associated pulsar wind nebula (PWN) with velocity 60 km s −1 at a position angle of 315 • (north through east). Their derived velocity is consistent with the scintillation measurements of Johnston et al. (1998) , who measured the diffractive timescale to be 4770 s at 1.5 GHz. This yields expected DM variations of 6.0 × 10 −5 cm −3 pc yr −1 . No long term studies of DM along the line of sight to PSR J0908−4913 exist in the literature, however previously published DM estimates for this pulsar do exist as far back as its discovery in 1988, when its DM was measured to be 192 ± 12 cm The DM variations along the line of sight are more than two orders of magnitude greater than expected from models. The high variations, then, seem likely to be caused by the immediate surroundings of the pulsar. PSR J0908−4913 has an unusual PWN and appears to be moving slowly through a highly dense (n > 2 cm −3 ), and likely turbulent, medium (Gaensler et al. 1998 ). Thus for a region on the order of a parsec in size, the PWN contribution to total DM would be small but the nebula's highly turbulent nature would be capable of much larger fractional contributions to dDM/dt as the pulsar moved through it. DM variations can then be attributed to a small percentage variation from within the local PWN.
PSR J1824−1945
PSR J1824−1945 (B1821−19) is a young pulsar with a period of 189 ms and a characteristic age τc = 5.7 × 10 5 yr (Manchester et al. 1978) . It lies in the Galactic plane close to the centre of the Galaxy with Galactic coordinates = 12.28
• and b = −3.11
• at a DM-derived distance of approximately 5.2 kpc (Cordes & Lazio 2002) .
Previous studies of PSR J1824−1945 were unable to make significant measurements of pulsar velocity or DM variations (Zou et al. 2005; Hobbs et al. 2004 ), thus neither significant velocity nor diffractive timescale measurements exist for this pulsar in the literature. Assuming a velocity of 300 km s −1 we expect a diffractive timescale of order τ d = 6 s, which in turn corresponds to DM variations of magnitude 0.02 cm −3 pc yr −1 using the Cordes & Lazio (2002) model.
The general trend in our data is a decrease in DM over the six years of observations seen in Figure 4 , although the best-fit rate of this variation differs between the 20 cm and the multifrequency data with dDM/dt20cm = −0.022(1) 
cm
−3 pc yr −1 and dDM/dt mf = −0.011(2) cm −3 pc yr −1 , respectively. These gradients differ by a factor of 2, with lower error in the fit at 20 cm. The good fit to the data may arise because the trend over 2000 days is not a strictly linear one; additional fluctuations are visible on shorter timescales possibly due to turbulent structure on small scales passing through the line of sight.
In the case of PSR J1824−1945 the DM variations we observe are consistent with values predicted for a turbulent ISM in this direction for our assumed velocity and DM-determined distance. This pulsar is not well-studied like PSRs J0835−4510 and J0908−4913, but there is no evidence for the presence of an associated SNR or PWN in the local neighbourhood. Therefore we attribute the variations in the DM towards this pulsar to the turbulent ISM alone.
PSR J1833−0827
PSR J1833−0827 (B0830−08) has a period of 85 ms and an approximate characteristic age of 150 kyr (Clifton & Lyne 1986) . At the time of its discovery it was identified as an isolated pulsar close to the supernova remnant W41. It has been argued that the pulsar's high velocity away from SNR W41 indicates a past connection and that PSR J1833−0827 originated within the shell-like SNR . More recently, X-ray studies of the region using the XMMNewton satellite discovered an X-ray pulsar wind nebula surrounding this pulsar in the form of a bow shock nebula (Esposito et al. 2011) .
PSR J1833−0827 is located towards the Galactic centre ( , b) = (23.39
• , 0.06 • ) at a DM-derived distance of 5.6 kpc (Cordes & Lazio 2002) . This pulsar has been observed to move with a transverse velocity of approximately 740 km s −1 , more than twice the rms velocity of non-millisecond pulsars Nicastro & Johnston 1995) . The high transverse velocity and distance correspond to a scattering timescale at 1400 MHz of 5 s and expected DM variations of 0.02 cm −3 pc yr −1 . From our observations we find a general trend of decreasing DM along the line of sight to J1833−0827 with Figure 5 . The DM of PSR J1833-0827 over the 2000 days of observations as measured over 11 epochs of multifrequency data (circles) and 67 epochs measured across the 20 cm band alone (squares) with weighted linear fits represented by the dashed and dot-dashed lines, respectively. The general trend is that of decreasing DM with a sign reversal between MJD 54900 and 55300.
dDM/dt mf = −0.13(2) and dDM/dt20cm = −0.18(1) in units of cm −3 pc yr −1 , seen in Figure 5 , for multifrequency and 20 cm DMs, respectively. These variations are larger than those of any other pulsar in our sample by an order of magnitude. However, these fits include a change in sign of dDM/dt between MJD 54900 and MJD 55300 seen in both sets of DM measurements, most likely attributable to general turbulence; a piecewise fit to these data would yield an even larger value for dDM/dt over the regions of decreasing DM. PSR J1833−0827 also has the largest DM of any pulsar in which variations were detected.
These extreme DM variations may seem more reasonable in light of the recent discovery of the pulsar's X-ray PWN. The turbulent ISM along the line of sight to PSR J1833−0827 would be expected to contribute only about 10% of the observed variations and it is possible that observed behaviour is due entirely to the energetic bow shock nebula through which the pulsar is moving, including the brief passage of a dense filament through the line of sight corresponding to the temporary increase in DM midway through the dataset.
RESULTS -UPPER LIMITS
Upper limits on dDM/dt for each of the pulsars in the Fermi project with no significant DM variations are listed in Table 2 along with the DM that best fits our data. All but 36 of our measured DM values have smaller uncertainties than previous best estimates. In Figure 6 we plot our upper limits as a function of DM. We compared the 25 pulsars common to our observations and the Hobbs et al. (2004) study and found our upper limits were consistent with but less constraining than theirs.
Although our limits on dDM/dt may also contain contributions from spatial density gradients our data are not sufficiently sensitive to disentangle this contribution from that of variations due to turbulence. Because we are only setting upper limits on total variations, we do not attempt to explicitly differentiate between the two. Ideally we want to compare our upper limits with theoretical predictions for dDM/dt based on Kolmogorov turbulence. To do this we would need to measure the diffractive timescale τ d and then apply Equations 3 and 4. Unfortunately, the high DMs of most of our sample preclude direct measurements of τ d as, in the majority of cases, they will be significantly smaller than our integration time. For any given line of sight we can however, estimate τ d using the Cordes & Lazio (2002) 
where D is the distance to the pulsar in kpc, ν d is the diffractive scintillation bandwidth in MHz at the observing frequency ν in GHz, v is the velocity of the pulsar in km s −1 , and we adopt a value of AV = 3.85 × 10 4 from previous studies (Nicastro et al. 2001) . Figure 6 shows the curves obtained for three different velocities, v= 164, 338, and 511 km s −1 , the median and one sigma 2D velocities obtained using the distribution in Hobbs et al. (2005) .
We note that a number of upper limits lie below the theoretical value expected from the median two dimensional velocity of 338 kms −1 ). This result is in contrast to the results for the millisecond pulsars for which dDM/dt is higher than expected. By using the probability distribution function for pulsar velocities given by Hobbs et al. (2005) we estimate that we should have had 12 pulsars in our sample with measurable values of dDM/dt, in good agreement with the 11 measured.
However, this velocity distribution may not be entirely accurate because it models pulsar's motion in 2-dimensional space. Detectable DM variations in some pulsars may be more realistically caused by irregularities along a single spatial axis in the interstellar turbulence (Brisken et al. 2010) . If this is the case we only need concern ourselves with a one dimensional velocity as the pulsar moves through the ISM. The probability of detecting pulsars in our sample can be recalculated using a one dimensional Gaussian distribution. We find a much lower detection estimate of 6 pulsars, including our real detections. While this alternate model of ISM turbulence may be the cause of variations along some of our lines of sight, we expect this effect only at low DM as the effects of multiple irregularities would cancel out over large distances.
We also note that our results appear to be at odds with Bhat et al. (2004) who conclude that NE2001 underpredicts scattering, particularly at high DM. However, Bhat et al. (2004) compare pulse-broadening times estimated from the Cordes & Lazio (2002) model and their own CLEAN-based deconvolution algorithm, which are directly sensitive to an inner scale. Measurements of DM variations are not sensitive to the ISM inner scale which may explain the difference between the findings of these studies. Figure 6 . Upper limits on dDM/dt for pulsars in which no significant DM variations were detected. Overlayed lines display predicted variations detectable at a range of DMs for a pulsar at = 330 • , b = 0 • with a velocity of 164 km s −1 (dashed), 338 km s −1 (dotted), and 511 km s −1 (dot-dashed), the median and 1 sigma velocities from the pulsar velocity distribution in Hobbs et al. (2005) .
We find the two dimensional scattering modelled in NE2001 to agree well with the findings of our study, even in the high DM regime where that model becomes discrepant with others such as Bhat et al. (2004) .
CONCLUSIONS
We have analysed over five years of timing data for more than 160 young pulsars to search for any characteristic DM variations along several lines of sight.
Only four pulsars in our sample PSRs J0835−4510, J0908−4913, J1824−1945, and J1833−0827 showed highly significant changes in DM over the span of the study with seven other pulsars identified as marginal detections. One pulsar, PSR J1824−1945, displayed detectable DM variations at levels predicted by an interstellar medium dominated by Kolomogorov turbulence with no contribution from dense filaments local to the pulsar. DM variations for the Vela pulsar, PSR J0835−4510, were also consistent with a purely turbulent ISM, a dramatic change from measurements of large variations made 15 years ago attributed to the local SNR, indicating that perhaps the responsible filament is no longer moving through our line of sight. The other two detections, with variations well above those predicted by theory, are known to lie within turbulent local environments of supernova remnants or pulsar wind nebulae which make large contributions to observable turbulence along these particular lines of sight.
No DM variations were observed along the lines of sight to most pulsars in our sample, but we were able to set upper limits on detectable variations. We compared these limits with DM variations predicted from models of Kolmogorov turbulence and found our limits to be within an order of magnitude of theoretical predictions. Comparisons with accepted two dimensional velocity distributions using NE2001 scattering models suggested our experiment should have detected DM variations to approximately 12 pulsars. Confining our models to one dimension to simulate scattering effects due to irregularities in the interstellar turbulence reduces this estimate to 6 pulsars. We find our results to be in good agreement with 2D scattering from the NE2001 model.
The DM variations are a red process with a steep spectral exponent, therefore longer time baselines dramatically increase our sensitivity to DM variations. With more time the observation of young, high-DM pulsars will provide us with an excellent complement to the results obtained from millisecond pulsars at low DMs.
